Clinical guidelines for the treatment of epilepsy have been published 1, 2 . A statement on management issues for women with epilepsy has recently been produced by the American Academy of Neurology 3 which has raised awareness of the issues facing women with epilepsy. The communication presented here aims to review current literature on specific issues relating to women with epilepsy, and proposes graded recommendations for its management within a UK health care framework.
INTRODUCTION
Medline searches were performed (from 1966 to 1998) on important issues in the clinical management of women with epilepsy. Searches were limited to the English language and excluded case reports. Additional material was obtained, if necessary, from the personal literature collections of the Panel (i.e. The Women with Epilepsy Guidelines Development Group). Where published evidence was not available, the professional consensus of the Panel was incorporated. These guidelines are both evidence and experience based and the recommendations will require judgement with regard to their applicability in individual circumstances 4 .
The current status of each issue relating to the management of women with epilepsy was discussed by the Panel, and statements and recommendations are presented, together with the supporting data. Each statement was assigned a level of evidence (I, II or III) and each recommendation was assigned a strength (A, B or C) according to the level of supporting evidence ( Table 1 ). The criteria were based on a grading system adapted from the Canadian Task Force Classification 5 which was used in existing guidelines for the management of poorly controlled epilepsy 1 .
These guidelines are aimed at clinicians who manage women with epilepsy.
MATERIALS AND METHODS

Adolescence and epilepsy
Adolescence is an important time to review the diagnosis of both epilepsy and the epilepsy syndrome, because of the implications and decisions which should be made regarding antiepileptic drug (AED) treatment. Advice on relationships, contraception, the consequences of AED treatment, employment, driving and psychosocial issues needs to be provided at this time 6 .
Review of the diagnosis
It is important to recognize that at least 10% of teenagers thought to have epilepsy actually have a nonepileptic disorder 7 . An underlying organic cause for the epilepsy should be sought at this time. Temporal lobe epilepsy (due to hippocampal sclerosis) may present in early adolescence or early adult life, as may a tumour. In rare cases, the development of epilepsy in adolescence may herald the onset of a progressive neurodegenera-tive disorder. Common misdiagnoses include syncope, non-epileptic attack disorder and migraine. A normal computerized tomography (CT) scan undertaken previously should not preclude a repeat scan with magnetic resonance imaging (MRI) in a teenager/young adult with poorly controlled epilepsy 8 . Poorly controlled patients are defined as those who continue to have seizures despite initial assessment and treatment with one or more AED and who continue to feel disabled by their seizures 1 .
Puberty is a problematic stage for females due to psychological, social and hormonal changes. Repeated seizures occurring during childhood can affect endocrine systems and growth so that a proportion of girls with epilepsy will not be as tall as their counterparts, will be obese, and will have a delayed menarche. Cosmetic side-effects of AEDs may cause concern in this age group, e.g. the coarsening of facial features, gingivitis, acne and hirsutism occurring with phenytoin, and weight gain occurring with valproate, gabapentin and vigabatrin.
In adolescence, idiopathic generalized and localization-related epilepsies (including temporal lobe epilepsy) are common. Juvenile myoclonic epilepsy may include asymmetrical or symmetrical myoclonic seizures ('jerks') of the upper limbs, particularly in the early morning or following sleep deprivation. Brief absence attacks need to be identified to permit appropriate treatment. Epilepsy, with generalized tonic-clonic seizures on awakening, may also develop at this time 9 .
Electroencephalography aids the diagnosis of epilepsy syndromes and should be undertaken in all patients who present with new or changing seizures.
The late childhood to adolescence period is a time when epilepsy is more likely to arise than in any other time of life and it is also a time when pre-existing seizure disorders worsen 10, 11 . During adolescence the young woman should be made aware that her condition and the treatment she is taking may affect her future fertility. These issues, taken together with the influence of over-protective parents, may lead to low self-esteem and lack of confidence unless timely and accurate advice and counselling are provided. It is therefore recommended that a full review of the patient be undertaken at this time.
Adolescence and epilepsy-statements and recommendations
• Adolescence is an important time to review the diagnosis of epilepsy (III).
• Advice should be given on the issues relating to the confirmed diagnosis of epilepsy (C).
Epilepsy, menstrual cycle and fertility
The diagnosis of epilepsy and the use of AEDs present women of childbearing age with many problems, as both the disease and its treatment can alter the menstrual cycle and fertility. There are also problems with drug interactions, particularly with oral contraceptives. Furthermore, AEDs are associated with teratogenic effects. The AEDs and the seizure disorder can cause adverse effects during pregnancy, and conversely, the menstrual cycle and pregnancy can affect a seizure disorder due to hormonally induced alteration of the seizure threshold. All women with epilepsy should be counselled about fertility issues at their review consultation.
Effect of epilepsy on fertility
There is decreased fertility amongst women aged 25 to 39 years with treated epilepsy 12 . This has been hypothesized to be due to a reduction in marriage rates for people with epilepsy [13] [14] [15] . However, even within marriage, fertility rates are lower than in the general population 12 . There is a higher incidence of menstrual disorders in women with partial seizures of temporal lobe origin (35%) when studied over three cycles, compared with 8% in a control group 16 .
Treatment issues and menstrual irregularities. In a study of 65 women with epilepsy, an increased incidence of polycystic ovary syndrome was noted amongst 64% (14/22) women taking valproate monotherapy 17 . In a study of 238 women with epilepsy, 45% on valproate monotherapy (13/29 women) displayed menstrual irregularities (amenorrhoea, oligomenorrhoea, prolonged cycles and irregular menstruation); 60% of these women also displayed polycystic ovaries and 30% had elevated serum testosterone concentrations. These effects were more common in women beginning valproate before the age of 20 18 . Evidence from a group of 12 women with epilepsy suggests that stopping valproate therapy leads to a reversal of hyperinsulinaemia, hyperandrogenism and low serum highdensity lipoprotein cholesterol 19 . Luteinizing hormone pulse frequency has been found to be increased 20 or variable in women with epilepsy 21 and this pre-disposes towards the development of polycystic ovary syndrome 22 .
The polycystic ovary syndrome includes hyperandrogenism (with raised testosterone levels), multiple ovarian cysts, anovulatory cycles, hirsutism, and in 30-50% of patients, obesity. The prevalence of the polycystic ovary syndrome in women without epilepsy is between 4% and 19%, depending on how the syndrome is defined and assessed 23 . The true prevalence of the condition in women with epilepsy is unknown, but is thought to be higher than in women without epilepsy, even in those not taking AED medication 24 . The condition is thought to be more prevalent in those women taking sodium valproate 17 .
The hormonal disturbances of the polycystic ovary syndrome may exacerbate the seizure disorder 22 . Since anovulatory cycles expose the brain to continuous oestrogen without cyclical progesterone, administration of progesterone 25 , or the synthetic progestogen, medroxyprogesterone acetate 26 , may be helpful.
Fertility-statements and recommendations
• All women with epilepsy should be counselled about their fertility and the possible effects of their AED treatment (C).
• There is decreased fertility amongst women with epilepsy (II).
• There is an increased incidence of anovulatory cycles amongst women with partial seizures (II).
• The true prevalence of polycystic ovary syndrome amongst women with epilepsy, even if they are not taking AEDs, may be higher than in women without epilepsy and the prevalence is higher still in those taking sodium valproate (II).
Catamenial epilepsy
Catamenial seizures refer to an increase in seizures around the time of the menses either just before or during the first few days of menstruation. Catamenial seizures may be uncommon, for example, occurring in 12.5% of 40 women with epilepsy, despite 78% of women claiming that their seizures occurred near the time of menstruation 27 . Anovulatory cycles tend to be associated with an increase in seizure frequency in the second half of the menstrual cycle, whilst ovulatory cycles can have one or two peaks in seizure frequency around the time of menstruation and/or ovulation 28, 29 .
Hormonal environment. Catamenial seizure exacerbations may be related to the changing sex hormone concentrations during the menstrual cycle. Oestrogens lowered the seizure threshold in the hippocampus and amygdala, and elicited seizure activity when directly applied to the cortex of animals 30 .
Conversely, progestogens and their metabolites appear to have anticonvulsant properties which may be mediated by the type A gamma-aminobutyric acid receptor 31 .
Further evidence for the role of alterations in sex hormone concentrations in catamenial epilepsy includes a decreased number of seizures during the luteal phase when progesterone concentrations are highest 32, 33 , and the suggestion that a pre-menstrual increase in seizures is related to a reduction in progesterone concentration.
Other factors may be associated with catamenial epilepsy, including changes in AED pharmacokinetics, and menstrually related mood changes. An increased incidence of pre-menstrual tension has been reported amongst women with catamenial seizures (75%) compared to other women with epilepsy (43%) 34 .
Treatment issues. Many therapeutic interventions have been evaluated in catamenial epilepsy with varying degrees of success. In the 1950s acetazolamide was advocated 35, 36 and it is still used today in some patients. Over the past decade, there has been some research on hormonal manipulation, with the aim of increasing relative progesterone concentrations or converting anovulatory to ovulatory cycles. In women with catamenial epilepsy, progesterone produced a decrease in seizure frequency 37 but norethisterone failed to show any antiepileptic effect 38 .
An alternative treatment for women with epilepsy is a benzodiazepine but continued prescription can lead to tolerance and dependence. This problem can be overcome using an intermittent regimen 39 such as that employed in a double-blind, placebo-controlled crossover assessment of clobazam in women with catamenial seizures 40 . For women already on AEDs, intermittent use of perimenstrual clobazam or acetazolamide is suggested when a seizure increase is anticipated.
For women with catamenial epilepsy in whom low pre-menstrual progesterone levels may be a factor, an intermittent perimenstrual progesterone supplement is suggested, or a synthetic progestogen during days 10-26 of the menstrual cycle. A combined oral contraceptive pill may be prescribed. If clobazam or a progestogen are unsuccessful, danazol or goserelin may be prescribed for pre-menstrual symptoms but only by those physicians who are experienced in their use. The oestrogen analogue, clomiphene 41 , may be useful but should only be used by those experienced in its use, as ovarian hyperstimulation is potentially dangerous.
For those rare women not already taking AEDs, and who have established, isolated catamenial epilepsy, one of the following regimens may be helpful as an alternative to a regular AED regimen: intermittent perimenstrual clobazam (10-30 mg/day); combined oral contraceptive pill, depot progestogen therapy; or perimenstrual progestogen (oral or suppository).
Catamenial epilepsy-statements and recommendations
• Catamenial epilepsy occurs in about 12% of women with epilepsy (II).
• In ovulatory cycles there may be two seizure peaks, perimenstrually and at midcycle (II).
• For women already on AEDs, the currently recommended treatment is intermittent clobazam on days when seizure increase is anticipated (B). Alternative therapies include acetazolamide given perimenstrually or progestogens (C).
• For those rare women not already taking AEDs, the following are alternatives: intermittent perimenstrual clobazam (10-30 mg/day); combined oral contraceptive pill, depot progestogen therapy; or perimenstrual progestogen (III).
Contraception in epilepsy
There are no contraindications to the use of nonhormonal methods of contraception in women with epilepsy.
An interaction between hepatic enzyme-inducing drugs and the combined oral contraceptive pill was first noted when the dose of oestradiol in the oral contraceptive pill was reduced from 100 µg to 50 µg. A higher incidence of breakthrough bleeding and contraceptive failure has been noted amongst women with epilepsy on the oral contraceptive pill 42, 43 and this may be due to a relative oestrogen deficiency 44 . The drugs implicated include phenytoin, phenobarbitone, primidone, carbamazepine 42 and more recently, topiramate (Topiramate Summary of Product Characteristics). Clinicians should consider carefully the implications of using these agents in women with child-bearing potential because of their effect on the efficacy of oral contraceptives. Even with higher dose combined oral hormonal contraceptive methods, complete protection from pregnancy is not achievable in women taking hepatic enzyme-inducing AEDs. Non-enzyme inducing AEDs-sodium valproate, benzodiazepines, vigabatrin, gabapentin, lamotrigine and tiagabine-do not show any interactions with the combined oral contraceptive pill. Oxcarbazepine is considered to be a weak enzyme-inducing agent 45 .
In women taking phenobarbitone, primidone, phenytoin, carbamazepine and topiramate, the starting dose of ethinyl oestradiol should be 50 µg/day and it may be necessary to increase the ethinyl oestradiol dose to 75-100 µg if breakthrough bleeding occurs. Nausea may occur with these high daily doses. An alternative is to take three packs of a higher dose oral contraceptive pill without a break in between ('tricycling') and then have four days without taking the pill. Women need advising that even on a higher dose combined contraceptive pill and with normal cycles, full efficacy cannot be guaranteed. However, pregnancy rates are lower when oral contraceptives are used in epilepsy (approximately 7 in 100 woman-years) compared with barrier methods (failure rate of 15-20 in 100 woman-years) 42, 46 .
Medroxyprogesterone injections appear to be effective in women with epilepsy. No adjustment of dosing frequency may be needed in women taking enzymeinducing AEDs as the rate-limiting step of elimination is hepatic blood flow and not enzyme activity. However, experience of some Panel members suggests that the usual dosing frequency of one medroxyprogesterone injection every 12 weeks could be changed to one injection every 10 weeks in women taking enzyme-inducing AEDs. Levonorgestrel implants are contraindicated in women taking enzyme-inducing AEDs as there is an unacceptably high failure rate 47 . It must be assumed that the efficacy of progesterone-only oral contraceptives is affected by enzyme-inducing AEDs, although it is unknown by how much 24 . Women should be advised not to rely solely on a progesterone-only pill for contraception if they are taking an enzyme-inducing AED, as it may be less effective than the combined oral contraceptive pill.
If appropriate, the morning-after contraceptive pill can be used in women with epilepsy after unprotected sexual intercourse. There are no data on whether a change in dose of the morning-after contraceptive pill is required in women taking AED medication; some practitioners use a slightly higher dose in those women taking enzyme-inducing AEDs.
Contraception-statements and recommendations
• There are no contraindications to the use of nonhormonal methods of contraception in women with epilepsy (III).
• For women on non-enzyme-inducing AEDs (sodium valproate, benzodiazepines, vigabatrin, gabapentin, lamotrigine, tiagabine), all current contraceptive methods are suitable (III).
• Hormonal forms of contraception are affected by enzyme-inducing AEDs. Women taking these forms of contraception should be counselled on their risks and benefits (C).
• For women on enzyme-inducing AEDs (phenytoin, phenobarbitone, primidone, carbamazepine, topiramate) wishing to take the combined oral contraceptive pill:
-start with a 50 µg ethinyl oestradiol dosage (C);
-if breakthrough bleeding occurs, increase the dose of ethinyl oestradiol to 75 or 100 µg/day or consider giving three packs of the pill without a break ('tricycling') (C).
• Even on a higher dose combined oral contraceptive pill with normal cycles, full oral contraceptive efficacy cannot be guaranteed in women with epilepsy taking enzyme-inducing AEDs (III).
• The progesterone-only pill may be less effective than the combined oral contraceptive pill in women taking enzyme-induced AEDs (III).
• Medroxyprogesterone injections appear to be effective (III).
• Levonorgestrel implants are contraindicated (III).
• If appropriate, the morning-after contraceptive pill can be used in women with epilepsy after unprotected sexual intercourse (C); a slightly higher dose may be needed in women taking enzyme-inducing AEDs (C).
Sexuality
The majority of women with epilepsy appear to have normal sex lives, although in some women with epilepsy both the desire and arousal phases may be inhibited. This is slightly but significantly more likely to occur than in women who do not have epilepsy and will impair quality of life 48 . Psychological factors that can inhibit desire or arousal in women with epilepsy include overprotection in childhood and adolescence, a poor selfimage, and the lack of ability to 'let go' during the sexual act for fear of a seizure (or the partner's fear of a seizure).
Research on sexual function in women has concentrated on the influence of AEDs, particularly the enzyme-inducing drugs such as phenobarbitone, which may alter sex hormone binding. Two studies found an association between sexual functioning and sex hormone binding changes: other studies which suggested that this was not an important cause of sexual dysfunction included only a small number of women 48 .
Although previous methodological flaws have been largely overcome, recent studies have been mainly conducted on women attending specialist epilepsy clinics, or belonging to epilepsy organizations, thus possibly introducing bias. Direct comparison of sexual responsiveness between women with epilepsy and their unaffected peers has not been carried out.
Epilepsy itself independently affects neuroendocrine functioning in women. In men, epilepsy-related changes in hypothalamic endocrine function have an effect on sexual arousal 48 , but it is less clear if this is the case in women since female sexuality may be more dependent on psychological rather than endocrine factors 49 .
Sexual feelings occurring as part of a partial seizure are usually feelings of sexual arousal and seem only to have been reported in women 50 . Sexual behaviours can also occur both ictally and post-ictally, are usually inappropriate, and after a seizure, are related to post-ictal confusion.
Many women with epilepsy do not spontaneously complain of sexual difficulty. A short, standard sexual history 49 should form part of the assessment of all women with epilepsy at some point. If a problem is found in addition to psychological assessment, neuroendocrine evaluation may be needed 48 , and appropriate referral made for treatment 24 .
Sexuality-statements and recommendations
• Sexual desire and sexual arousal may be affected by epilepsy or by the treatment of epilepsy in women (II).
• The majority of women with epilepsy have normal sex lives (II).
• Sexual feelings or behaviours may occur during partial seizures (II).
• Enquiry about sexual feelings and function should be part of the standard assessment of women with epilepsy (C).
• If a disorder of desire or arousal is discovered, expert psychological and neuroendocrine evaluations are recommended (C).
Pre-conception counselling and teratogenicity
Women need to have their epilepsy thoroughly reassessed before becoming pregnant 51 as some conditions causing epilepsy may be better dealt with before pregnancy, e.g. those for which neurosurgical treatment may be appropriate. Furthermore, formal pre-conception counselling (and re-investigation, if needed) should be available to all women with epilepsy who are considering pregnancy. Counselling should begin at the time of diagnosis of epilepsy and be repeated at intervals throughout its management. Some hospitals offer clinics for teenagers and formal preconception clinics but there are few of these and all too often women with epilepsy do not present until a pregnancy has occurred. This situation leaves room for improvement. Pre-conception counselling involves making women with epilepsy aware of a number of issues relating to future pregnancy, including methods and consequences of prenatal screening, teratogenicity, labour and childcare. The main aim of pre-conception counselling is to ensure that women embark upon pregnancy with a minimum of risk factors, fully aware of any risks and benefits of treatment, and able to make informed decisions about the pregnancy.
Seizure and AED management
Before conception, the continuing need for AED treatment should be reviewed, based on Medical Research Council criteria 52 . Women should enter pregnancy having complete seizure control or as few seizures as possible. If a patient has been seizure-free for at least 2-3 years, consideration may be given to withdrawing AEDs to reduce the potential teratogenic risk. However, many women do not wish to withdraw from drug therapy even when seizure-free as this may affect their eligibility to drive and continue with work and normal activities. The lowest effective dose of the most appropriate AED should be continued, aiming for monotherapy where possible. Currently, the UK Driver and Vehicle Licensing Agency recommend not driving from the commencement of the period of withdrawal and for a period of 6 months after cessation of treatment, even if there are no seizures 53 .
Teratogenicity in perspective
As with all women contemplating pregnancy, advice should be given about maintaining good general health in relation to exercise, diet, smoking and alcohol consumption. Although a major concern of women with epilepsy who are contemplating pregnancy is the teratogenic potential of AEDs, it is important to put these risks in perspective. Even women on no medication and with no seizures but who have had epilepsy have a slightly increased risk 54 . The background risk of significant fetal malformation is approximately 3% in developed countries and the consensus from many studies is that this increases to 7% if one AED is taken and to 15% if two or more are taken 43, 55, 56 . Most major malformations develop at an early stage in pregnancy, often before the woman knows she is pregnant. Exposure in the later stages of pregnancy may still lead to minor morphological abnormalities [57] [58] [59] [60] . Some AED combinations appear to carry a high risk, e.g. valproate plus carbamazepine plus phenytoin or phenobarbitone has been associated with a 58% malformation rate, possibly due to accumulation of toxic metabolites 61 . The mechanisms whereby AEDs are teratogenic have not been definitely established. Possibilities include the formation of epoxide and arene oxide metabolites, cytotoxic free radicals, and effects on fetal heart rate leading to hypoxia. Folic acid deficiency is also a possible cause.
Is there any difference between the AEDs in terms of teratogenicity?
There is no conclusive evidence for a significantly different teratogenic risk from phenytoin, valproate, carbamazepine or phenobarbitone. There have been suggestions that valproate is more teratogenic than other AEDs 43, 61 . In a prospective study of women who took AEDs during pregnancy (monotherapy and polytherapy), phenobarbitone was associated with the highest relative risk, followed by phenytoin and carbamazepine; there were insufficient numbers of women treated with valproate to assess the risk associated with this drug 62 . Comparison of studies is confounded by patients having different types and severities of epilepsy, by taking different doses and combinations of drugs, and insufficient studies of monotherapy to draw definitive conclusions.
Phenytoin. Phenytoin should be avoided in women with child-bearing potential, particularly in adolescence, as it has a number of undesirable side-effects. Phenytoin is particularly associated with an increased risk of cleft lip and palate as well as dysmorphic features such as nail and distal phalangeal hypoplasia and craniofacial abnormalities 43, 59, 63, 64 .
Phenobarbitone. Phenobarbitone has been associated with congenital heart defects, facial clefts, and a specific pattern of minor anomalies and dysmorphic features 55, 65, 66 .
Valproate. Doses of valproate greater than 1000 mg/day carry a greater risk of spina bifida than lower doses 67 , possibly due to high peak serum concentrations of valproate. Confirmatory studies are required to assess whether three or four times daily treatment or slow-release preparations minimize this risk by reducing peak plasma levels. A 'fetal valproate syndrome' has been suggested as being associated with dysmorphic features and developmental delay 68 . Valproate in pregnancy has been associated with a 1-2% risk of neural tube defects, particularly an open lumbosacral myelocoele, against a background risk of 0.2-0.5%. There is also an increased incidence of cardiovascular and urogenital malformations 43 . Thus, although valproate may the most suitable drug for some women with epilepsy, the risks and benefits should be carefully considered and discussed with the patient.
Carbamazepine. Carbamazepine was once considered to be the least teratogenic of the older AEDs, but recent studies have shown an association between carbamazepine and congenital malformations in the same order of magnitude as for barbiturates and phenytoin. However, these studies have included small numbers and uncontrolled data and need to be replicated before being regarded as definitive. Furthermore, the types of malformation are different 59 . In one study there was a 0.9% reported risk of neural tube defects in the offspring of mothers who took carbamazepine through pregnancy 69 . There have also been reports of reduced head circumference at birth, of developmental delay in 20% of infants 70 and of dysmorphic features 71 .
Dysmorphic features
Dysmorphic features, including epicanthal folds, long philtrum, flat nasal bridge, digital hypoplasia and hypertelorism, are undesirable and cause some disability but they do not result in serious impairment or death. Such abnormalities have been ascribed to syndromes related to specific AEDs, such as the 'fetal hydantoin syndrome' 72 , and subsequently revised to recognize a 'fetal AED syndrome'. The extent of the causal relationship with AEDs has been questioned and evidence has been put forward for maternal genetic factors influencing the development of minor abnormalities such as epicanthus and micrognathia 54, 73 . Larger prospective studies of women treated with monotherapy are necessary to resolve these issues. Valproate exposure in utero is associated with a combination of facial dysmorphic patterns distinct from those associated with phenytoin exposure 74, 75 .
Digital and craniofacial hypoplasia tend to resolve over the first few years of life 43 . Some investigations have reported that babies exposed to AEDs in utero tend to be small at birth and have slow postnatal growth and cognitive development, but controlled data are lacking. Most studies have suggested that there is a very low risk of prenatal AED exposure leading to low intelligence 76 . Other factors affecting a tendency to develop a low intellect include maternal and paternal genetic predisposition and psychosocial influences.
Animal studies
Safety data from limited animal studies suggest that some AEDs appear to show no teratogenic effects. At present there are insufficient monotherapy data in humans to predict the risk of teratogenicity. To date, lamotrigine, gabapentin and tiagabine have not been shown to produce malformations in animal studies 77, 78 . Vigabatrin has been associated with cleft anomalies in New Zealand white rabbits 64 . Topiramate is teratogenic in mice, rats and rabbits, and crosses the placental barrier (Topiramate Data Sheet).
Use of folic acid
The UK Medical Research Council study, including women who had previously given birth to an infant with a neural tube defect, found that 4 mg/day of folic acid given prior to conception was associated with a 72% protective effect 79 . Folic acid supplementation has also been shown to have a protective role in the primary prevention of neural tube defects [80] [81] [82] . Although there has been no specific study of the effect of folic acid supplementation on the risk of neural tube defects and other congenital malformations in women taking valproate or other AEDs, extrapolations have been made from published studies in the general population and therefore a daily dose of 5 mg of folic acid is recommended before and during pregnancy for all women taking AEDs, starting before conception and continuing until at least the end of the first trimester.
A daily dose of 5 mg of folic acid is probably more than is needed to achieve a maximal reduction of risk. A daily intake of at least 0.4 mg/day has been recommended for the general population 82 . The larger dose, however, does not appear to cause adverse effects, unless the patient has covert pernicious anaemia.
Prospective registers
In clinical evaluations of AEDs, women with childbearing potential are either excluded or encouraged to take adequate contraceptive measures. Therefore, very few pregnancies occur during clinical trials, and those that do, often end in therapeutic abortions.
In the UK, the British Neurological Surveillance Unit has established a prospective pregnancy register for patients taking AEDs. Over the course of 2 years approximately 400 pregnancies have been registered by neurologists, obstetricians and general practitioners. The register has been granted ethical approval and aims to audit the incidence of congenital malformations in the offspring of patients taking AEDs. It should be noted that these data have been obtained on first trimester exposures to AEDs in women receiving monotherapy and polytherapy. Preliminary data are shown in Table 2 . It is only with continued support of these prospective registers that the information clinicians require to adequately counsel patients may be obtained (the address of the Register is given in the Appendix).
Genetic predisposition
Many women ask about the risks of passing epilepsy to their children and the majority can be assured that their child is not at risk. In specific cases there may be an underlying genetic cause. For idiopathic generalized epilepsy, the risk of a child developing the condition is 5-20% if there is one affected first degree relative and over 25% if two first degree relatives are affected. Thus the risk of a patient with idiopathic generalized epilepsy having an affected child is about 9-12%, and the risk is 3% in children of patients with cryptogenic localization-related (partial) seizures 83 .
Pre-conception counselling and teratogenicity-statements and recommendations
• Pre-conception information should be offered to all females with child-bearing potential (C).
• If changes in AED medication are to be made they should be completed before conception (B).
• If AED treatment is needed, a single agent is preferred (B).
• The risk of fetal malformation is doubled in women receiving treatment for epilepsy compared with the general population (3% in the general population, 7% with one AED, 15% with two or more AEDs) (II). Some combinations of polytherapy are particularly teratogenic (II).
• Most major malformations occur at an early stage in pregnancy, often before the woman knows she is pregnant (I).
• Women with epilepsy who are planning a pregnancy should take folic acid 5 mg daily in the preconception period and throughout the pregnancy (B).
• The use of phenytoin, valproate, carbamazepine and phenobarbitone has been associated with an increased risk of major malformations and minor morphological anomalies (II).
• Although valproate may the most suitable drug for some women with epilepsy, the risks and benefits should be carefully considered and discussed with the patient (C).
• It is not known whether vigabatrin, gabapentin, lamotrigine, topiramate and tiagabine are associated with a risk of fetal abnormalities in humans. Gabapentin, lamotrigine and tiagabine are not associated with fetal abnormalities in animal studies (III).
• All pregnancies occurring in women with epilepsy should be reported to the appropriate UK register, regardless of whether or not AEDs are being taken (C).
Management of pregnancy and birth in epilepsy Effect of pregnancy on epilepsy
Most women with epilepsy do not experience an increase in seizures whilst pregnant 84 . Of those women who do have an increase in seizures (between 8% and 46%) 85 , the increase can often be attributed to factors such as poor compliance with prescribed AEDs (sometimes compounded by vomiting), inappropriate reduction of AED therapy, a pregnancy-related fall in plasma drug concentrations, and sleep deprivation 86, 87 . Consequently, the patients' seizures should be monitored and appropriate AED dosage adjustment made. An increase in seizure frequency is more likely in women with a high pregravid seizure frequency or multiple seizure types. An episode of status epilepticus occurs in less than 1% of pregnancies. The risk of seizures is greatest in the delivery period with tonic-clonic seizures complicating labour in 1-2% of cases and a further 1-2% in the following 24 hours 88 .
In contrast, up to 50% of women report that their epilepsy is better controlled during pregnancy, for reasons which include avoidance of excessive fatigue, better compliance and hormonal changes 87, 89 .
Effect of epilepsy on pregnancy
Most pregnancies are uneventful in women with epilepsy and most of the babies delivered are healthy 87 . More recent studies have not indicated any increased risk of obstetric complications in women with epilepsy, while other studies report an approximately 1.5-3 times increase in the risk of common complications such as toxaemia, pre-eclampsia, placental bleeding and premature labour and a 1.2-2 times increase in perinatal mortality 90 . Many studies are retrospective or based on registries and are likely to be complicated by ascertainment bias 89 .
There is no evidence that simple partial, complex partial, absence and myoclonic seizures adversely affect a pregnancy or developing fetus, other than by the effects of trauma 91 . Prospective studies indicate that there is no association between tonic-clonic seizures during pregnancy and malformations 54, 92 . Anecdotally, tonicclonic seizures may cause fetal bradycardia in humans 93 or miscarriage 94 but definitive data are lacking.
Management of epilepsy during pregnancy
Having established the patient on optimal monotherapy, if possible, prior to conception, subsequent management of AED treatment during pregnancy is generally straightforward, but requires careful attention. Patients should understand and agree with their prescription and the rationale for any dose change.
Serum AED concentrations often fall during pregnancy, particularly in the first and third trimesters, and a pre-conception baseline value may be helpful 59, 86, 95 . Many factors may contribute to the change in AED pharmacokinetics including: increased hepatic or renal clearance, increased plasma volume and reduced plasma albumin concentration and protein binding. Reduced bioavailability is probably not an important factor.
The value of measuring plasma drug levels routinely during pregnancy is still uncertain. When such measurements are carried out, assessment of the unbound drug fraction is the method of choice 96 .
Prenatal diagnosis of malformations
Since epilepsy is associated with an increased risk of fetal malformations, women with epilepsy should be referred by their obstetric/gynaecological consultant to a specialist centre for a high-quality ultrasound scan. They will also usually require more than one scan plus appropriate blood tests and possible amniocentesis. Ultrasound studies from about 18 weeks can identify major cardiac, facial and limb anomalies and recognizing increased nuchal translucency on the scan between weeks 10-14 may give early indication of major cardiac defects 97 . Patients and families need to be advised, however, that even the most sophisticated scans cannot detect 100% of abnormalities.
Management of labour
One to two percent of women with active epilepsy will have a tonic-clonic seizure during labour, and a further 1-2% will have such a seizure in the following 24 hours 88, 89 . Generalized tonic-clonic seizures are likely to result in more profound hypoxia than in the non-gravid state, because of increased maternal oxygen requirements, and this may have deleterious effects on the fetus. Thus it is recommended that the delivery take place in an obstetric unit with facilities for maternal and neonatal resuscitation.
The patient's regular AEDs should be continued throughout labour. If necessary, all drugs may be given by nasogastric tube; phenytoin (as fosphenytoin), valproate, phenobarbitone, diazepam and clonazepam may be given parenterally.
Administration of intramuscular corticosteroids (such as dexamethasone) given to a woman in premature labour can help to prevent respiratory distress syndrome or intraventricular haemorrhage in the infant. An increased corticosteroid dose is necessary in women taking hepatic microsomal enzyme-inducing AEDs (e.g. phenytoin, phenobarbitone, primidone, carbamazepine and topiramate) 98 .
Most women with epilepsy have normal vaginal deliveries 93, 99, 100 . Over-breathing, sleep deprivation, pain and emotional stress increase the risk of seizures during labour and it is appropriate to consider epidural anaesthesia early on, to minimize these factors. An elective Caesarean section may be appropriate if frequent tonic-clonic or prolonged complex partial seizures occur in the last weeks of pregnancy. Intravenous lorazepam may be an appropriate acute treatment for serial seizures during labour 93 .
Vitamin K 1 deficiency and haemorrhagic disease of the newborn Vitamin K 1 deficiency bleeding carries a mortality rate of over 30% 101 . It is due to deficiency of factors II, VII, IX and X and is more likely to occur in the offspring of women who have taken hepatic enzyme-inducing drugs during pregnancy 102, 103 . A dose of 20 mg/day of vitamin K 1 given orally in the last month of pregnancy may protect against the problem. Infants born of women with epilepsy should receive 1 mg of vitamin K 1 intramuscularly at birth. The putative association of this treatment with childhood neoplasia is unwarranted [104] [105] [106] [107] [108] [109] [110] . Infants should receive intravenous fresh frozen plasma if there is evidence of bleeding or if the concentrations of two or more of factors II, VII, IX or X fall to less than 25% of normal.
The puerperium
If the dose of an AED has been increased during pregnancy, it is usually advisable for it to be gradually reduced to the pre-conception dose over the few weeks following delivery, to reduce the risk of maternal toxicity. However, if the increased dose does not lead to toxic symptoms and there is a sustained improvement in seizure frequency, the regimen should not be altered.
Development of seizures in pregnancy
The annual incidence of new cases of epilepsy in the reproductive years from the teens to the age of 40 is 20-30 per 100 000 per year 111 . Thus, the development of epilepsy during pregnancy is not uncommon. A few specific aetiologies are associated with pregnancy, such as an enlarging meningioma or arteriovenous malformation or other vascular disease. The risk of ischaemic stroke is increased by a factor of 10 in the last 6 months of pregnancy, and approximately 4% of cerebral infarctions may be expected to result in seizures. Other specific vascular disorders occurring in pregnancy and complicated by seizures include cerebral venous thrombosis, subarachnoid haemorrhage and eclamptic hypertensive encephalopathy.
Investigation into causes of epilepsy in pregnant women should follow the same principles as for a nongravid patient. MRI is favoured over X-ray CT scanning due to its superior resolution and the lack of ionizing radiation. However, the potential effects of a strong magnetic field on a developing fetus are not entirely clear but can be justified if there is a clear clinical indication, whereas lead shielding can protect the uterus during an X-ray CT scan.
The principles of initiating AED treatment in pregnancy are the same as those for the non-pregnant patient. Specific underlying causes for the epilepsy, such as stroke and eclamptic hypertensive encephalopathy, will require their own treatment. Status epilepticus arising as a consequence of eclampsia should be treated initially with an intravenous benzodiazepine, preferably lorazepam, followed, if necessary, by intravenous phenytoin or fosphenytoin. Magnesium sulphate has been shown to prevent tonic-clonic seizures in eclampsia 112, 113 , and does not impact on labour, other than to increase the dose of oxytocin that is required 114 .
Breast-feeding and AEDs
All women with epilepsy should be strongly encouraged to breast feed their babies. However, drug elimination mechanisms are not fully developed in early infancy, therefore repeated administration of a drug via breast milk may lead to its accumulation in the infant and pharmacological effects may occur 115 . Drug concentrations in milk can substantially differ between the first and last portion of the feed, and between the left and right breast, depending on the fat and protein content 116, 117 , although the total amounts of drug transferred to the infant via breast milk are usually much smaller than the amounts transferred via the placenta during pregnancy.
Relatively small amounts of phenytoin are transferred via breast milk (18-20% of plasma concentration) 115 and the serum levels of phenytoin in breastfeeding infants are generally considerably below therapeutic levels. Phenobarbitone, primidone and lamotrigine can accumulate in plasma in the breast-fed baby due to slow elimination. Preliminary data in a small number of cases indicate that lamotrigine passes into breast milk at 40-45% of the level in the plasma; there were no adverse effects in any of the infants [118] [119] [120] . It is therefore recommended that the infant is closely monitored and, if appropriate, serum drug levels measured. If the mother is on barbiturates and if the baby is drowsy or sedated, breast-and bottle-feeding can be alternated. Carbamazepine concentrations in breast-fed babies are usually low (breast milk level 39-40% of plasma concentration) 121 and below the level where pharmacological effects might be anticipated. Ethosuximide can be transferred via breast milk in relatively high daily doses (79-100% of the plasma concentration) 115, 122 and plasma concentrations in breast-fed babies can be close to therapeutic levels. Sodium valproate levels in breast-fed babies are low (1-10% of plasma concentration) 115 . Vigabatrin and gabapentin are excreted mainly unchanged in the urine and therefore in infants with fully developed renal function, accumulation of these drugs is unlikely 123 . There are no data relating to topiramate or tiagabine.
Management of pregnancy and birth in women with epilepsy-statements and recommendations
• Most women with epilepsy have normal vaginal deliveries (II).
• Women should be referred by their obstetric/gynaecological consultant to a specialist centre for a high-quality ultrasound scan (C).
• The patient's seizures should be monitored and appropriate adjustments of AED dosage made (C).
• AED exposure (particularly enzyme-inducing AEDs) leads to greater risk of haemorrhagic disease of the newborn, thus vitamin K 1 should be given to the mother in the last month of pregnancy and to the neonate (B).
• Delivery should take place in an obstetric unit with facilities for maternal and neonatal resuscitation (C).
• The optimal maintenance dose of AEDs should be reviewed after delivery (C).
• All AEDs currently available can be taken whilst breast-feeding (C).
• All women with epilepsy should be encouraged to breast-feed their babies (C).
• If drowsiness occurs in breast-fed babies whose mothers are taking phenobarbitone, breast-and bottle-feeding can be alternated (C).
The care of children of mothers with epilepsy
Although there is much anxiety about the possible risks to a child from the mother's epilepsy there is no published evidence. The risk of the child being harmed depends on the type of seizure, its severity and frequency, and this risk is probably small if time is taken to train mothers and carers in safety precautions 51 . The women most at risk of injuring young children are those with uncontrolled juvenile myoclonic epilepsy, because children tend to wake early and these mothers are most at risk of myoclonic jerks at that time 51 . Some clinicians recommend that, during the puerperium, mothers whose juvenile myoclonic epilepsy is uncontrolled are advised to have someone else look after the child in the early morning.
Advice about safety precautions should be given to mothers 24, 51 , even those who have not had a seizure for some time, because it is possible that seizures may return or their frequency increase due to stress and exhaustion in the puerperium. An experienced epilepsy nurse, together with a health visitor or a midwife, should make a home visit shortly before the birth to advise on safety precautions in the home.
From an early stage, a routine of looking after the baby should be established that maximizes opportunities for bonding but minimizes risk to the child. The partner should be encouraged to assist with feeding the child, especially at night, so that the mother can sleep, e.g. breast milk can be expressed using a breast pump so that it can be given at night by the partner.
There should also be an assessment of the character of the woman's seizures. Seizures in which the mother loses awareness, wanders, has automatisms, convulses, has no warning of the oncoming seizure or has postictal confusion are particularly dangerous. Table 3 lists practical suggestions for minimizing the risk to the child, whilst providing maximum bonding experience for the mother. The suggestions assume that the mother is of normal intelligence and is not physically disabled.
Cognitive side effects of AEDs
Controversy exists over the differential cognitive sideeffects of AEDs because of inadequate study design 124 . When the methodological flaws of studies are taken into consideration, some AEDs (phenobarbitone and benzodiazepines) may have cognitive side-effects 125 and affect the ability to care for children.
Educating the child and family
Children of women with epilepsy will rapidly realize that their mother is special and it is important that they are taught from an early age how to behave if their mother has a seizure. From the age of two many children will be capable of sitting quietly by the mother until the seizure is over, and summoning help if necessary. By the age of five, a child should know what to do if the mother has a seizure while they are outside the home. This approach will ensure that the child will not be taken by surprise or be frightened by what other people do. A child who grows up in a family that copes with the mother's seizures calmly, will also show confidence in dealing with them. After the seizure has ended, it is important that the mother cuddles and comforts the child so that he or she does not feel to blame for the seizure.
Care of children of mothers with epilepsy-statements and recommendations
• The risk of accidentally harming a child is low and depends on the type of seizure, its severity and frequency (III). • Stress and exhaustion in the puerperium may make seizures reappear, even in women who have been seizure-free for some time (III).
• Assistance for the mother is particularly important when bathing, carrying or travelling with children. Women with epilepsy who are intellectually and physically challenged need a greater level of assistance (C).
• The child and the child's family need to be educated about managing the mother's seizures calmly and effectively (C).
Epilepsy and the menopause
Female sex hormones alter the expression of epilepsy and the efficacy of AEDs 48 . There is scant literature about the effects of epilepsy on the menopause or the effects of the hormonal changes of the menopause on epilepsy 10 . The few studies that have been carried out have had methodological problems including small numbers and little recognition of the heterogenous nature of epilepsy 126 .
The effects of the menopause on epilepsy
Opinion differs on the effect of the menopause on seizure frequency due to the lack of research in the area. Some women may find the menopause has no effect on seizure frequency, others that there is an increase in seizures, or a recurrence of seizures at the time of the menopause, or even a remission of seizures.
Epilepsy and osteoporosis
Women with epilepsy are at increased risk of bone demineralization, since seizures and AEDs affect the hypothalamic-pituitary-adrenal axis and this can have an adverse impact on bone metabolism 48 . The mechanisms of osteoporosis are multiple and incompletely understood. Microsomal enzyme induction by phenobarbitone, phenytoin and carbamazepine accelerates the metabolism of vitamin D and can have profound effects on calcium metabolism, pre-disposing towards osteomalacia.
The reduction in oestrogen levels in the early postmenopausal period may explain the increased frequency of bone fractures at this time 31 . It has been suggested that women on long-term AEDs should have bone density monitored on a regular basis although the optimal frequency has not been assessed.
Hormone replacement therapy (HRT) and epilepsy
The reduction in circulating oestrogen at the time of the menopause results in menopausal symptoms and an increased risk of developing heart disease and bone demineralization. Provided it is clinically indicated, menopausal and post-menopausal women with epilepsy should receive hormone replacements as this therapy appears to have beneficial effects 127 . The HRT regimen should be given in standard doses. Administration of calcium and vitamin D supplements should also be considered for women with epilepsy.
The possibility that treatment with oestrogen increases seizure frequency is supported by the findings of a recent questionnaire survey of members of an epilepsy organization; 620 women who responded to a postal survey were menopausal or post-menopausal and double the number of past HRT users had an increase in seizure frequency compared with those who had not received HRT 128 . It is advisable to add a progestogen to the HRT regimen to counteract the potential proconvulsant effects of oestrogen, even if the woman has no uterus 24 . Addition of progestogen to the HRT regimen does not appear to attenuate the cardioprotective effects of oestrogen 129 . There is no evidence that the route of administration of HRT is important.
Epilepsy and the menopause-statements and recommendations
• The effects of epilepsy on the menopause and the effects of the hormonal changes of the menopause on epilepsy cannot be reliably predicted (III).
• Women with epilepsy are recognized to be at risk of bone demineralization, especially if they are receiving the hepatic enzyme-inducing AEDs, phenobarbitone, primidone, phenytoin and carbamazepine, which can accelerate vitamin D metabolism (III).
• All post-menopausal women with epilepsy should receive HRT (combined oestrogen and progestogen), if it is clinically indicated, even if the woman has no uterus (C).
Multidisciplinary partnership in the general management of epilepsy
The optimal care of women with epilepsy, particularly when pregnant, requires collaboration between a range of professionals from a wide range of backgrounds 2 , and will be determined by the needs of the patient and the resources available locally. The voluntary sector also plays an important role. Recognition of the benefits of involving a range of professionals in meeting the needs of any individual person with epilepsy is not new 1, 130, 131 . However, this strategy tends not to take place in practice and is a cause for concern 132 . Good communication is the key to effective multidisciplinary care with good information exchange between primary health care teams and specialists 133 . The clinical nurse specialist in epilepsy has a central role in developing effective partnerships 2, 134, 135 .
The integrated care scheme approach has previously been discussed from a national 132 and district 134, 136, 137 perspective.
Key players of the care-giving partnership are the general practitioner and his team, the epilepsy consultant, the epilepsy nurse, the obstetric/gynaecological consultant and the midwife, although they may not see themselves in the team role. The general practice team and the midwives may need specialized education and training. The epilepsy nurse's role should include ensuring that epilepsy care is not compromized and providing information and advice such as pre-conception counselling. By discussing issues relating to their condition with the epilepsy nurse or other health care professional, women with epilepsy will be sufficiently empowered to make decisions about their own treatment.
There should be active liaison between the epilepsy nurse and the hospital/community midwives, and at a later stage of pregnancy, with the health visitor and general practice team. Arguably, the general practitioner should be the team leader 51 , but usually the epilepsy consultant and epilepsy liaison nurse lead and liaise. In this scenario, the general practitioner, obstetric/gynaecological consultant and midwife would continue with their traditional roles, with all team members taking into account the specific needs of the woman with epilepsy. For practical purposes, the most appropriate team leader may be the epilepsy liaison nurse, since it is he or she who will keep the lines of communication open between the other members of the team.
Multidisciplinary partnership-statements
• Optimal care for women with epilepsy requires collaboration between a range of professionals from a wide range of backgrounds (III).
• Jointly planned shared care is the preferred model of care for people with epilepsy (III).
• The clinical nurse specialist in epilepsy has a central role in developing effective partnerships (III).
SUMMARY POINTS
• Management of women with epilepsy is multifactorial
• Epilepsy should be rigorously reviewed and women provided with adequate information for them to form their own views on the issues and the management regimen they wish to pursue
• Women with epilepsy should be counselled on reproductive issues, contraception, teratogenicity, pregnancy, labour and child-rearing, and bone health
• If women are receiving AED medication, monotherapy is preferred
• Changes to AED therapy should be made before contraception is stopped
• Women with epilepsy, who decide to embark upon pregnancy, should be seizure-free if possible
• Women with complex needs should be referred to specialist centres for detailed review and assessment
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